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Chapter 1
Introduction
1.1

Motivation

The need to describe and interpret soil, vegetation, and environmental properties has led
to the development of different alternatives of collecting the necessary data to explain phenomena. The motivation of this thesis is to continue the development of a system that will
enable a continuous, precise, reliable, and autonomous system for ecological data collection
of plants and soil through the use of an automated tram system that collects near infrared
(IR), red, green and blue (RGB) images and hyperspectral reflectance measurements at an
exact locations along a 110 meter transect. Studying previous techniques and mechanisms
used for field spectroscopy will provide a good reference and base for this design. In order
to explain and interpret soil, vegetation, and environmental changes, the development of
new remote sensing systems is necessary. Due to the unique and rapid change to vegetation
in the area of interest, this project is crucial to monitor the impact the vegetation has in
the region.
The principal sensor for data collection is a UniSpec-DC that collects spectral data. The
UniSpec-DC is a dual channel instrument capable of simultaneous measurement of incident
and reflected light under any sky conditions. Comprised of two high precision, synchronized,
miniature photodiode array detectors that feature high sensitivity, repeatability and longterm calibration stability. It takes a measurement of the light irradiated from the soil as
well as the light directly coming from the sun and compares both readings to compute the
percentage of light that bounces of the soil with respect to the light absorbed.
The original project of a tram cart system started with a cart made from wood and
1

aluminum running over a railway of extruded aluminum. The first cart deployed in the
field takes an approximated time of 10 minutes of setup, mainly because the cart needs to
be placed and remove off the rails for every inspection and doing the cabling for the camera
and UniSpec-DC. Additionally, it requires an operator with a computer mouse to be taking
picture with a webcam installed in the cart. It then, left to the operator to attempt to
synchronize the picture snap with the UniSpec-DC reading. Thus, there is human error
inserted into the inspection system.
The first steps towards automation of this cart system, previous to this work, were a
navigation system that employs a camera in conjunction of Quick Response (QR) code
installed at every meter of the railway to identify each meter that was running in a laptop
and eventually was replaced by a Raspberry Pi. Furthermore, a new cart, and the one where
the work presented in this thesis is being done, out of extruded aluminum was design based
on a structural analysis done by Quetzal [5].

Figure 1.1: Diagram of tram cart

2

The cart system to be automated can be divided into four different sections. The
panel, batteries and UniSpec-DC, Motor controller, and Sensor case. The panel has all the
buttons and switches to power on the system and start and inspection, as well as decide if
the system will be operated remotely or through the panel; The batteries and UniSpec-DC
will be placed in a big box closed to the tram cart; Motor controller sits underneath the
batteries and the UniSpec-DC; finally the Sensor case is the box that sits on the top of
the cart where all the cameras and all electronics that are required to operate them are
located.

1.2

Spectroscopy

Figure 1.2: Bidirectional reflectance Factor from Dr. Michael Holroyd, CC BY-SA 3.0
Spectroscopy is the science of studying the interactions of matter and electromagnetic
radiation (EMR). Field spectroscopy, a more specific area of spectroscopy, consists of the
collection of spectral reflectance of natural targets (I.e. soils, water, and vegetation). The
measurements of the reflected spectrum from the ground is dependent on both the point
of measurement and the location of the source of illumination, this is known as the bidirectional reflectance factor (BRF). The device used to collect the reflected illumination is
called a spectrometer. Moving on, the area of field spectroscopy of interest in this paper
is ‘in situ’ meaning that the EMR observed is in a field environment and not inside of a
3

laboratory.
A common alternative to field spectroscopy is the use of satellite-based systems, such as
the Moderate Resolution Imaging Spectrometer (MODIS), developed by NASA and carried
abroad the Terra satellite, that provides coverage of the entire planet every 2 days on 36
discrete spectral bands [4]. However, the data collected exhibits coarse spatial resolutions
(250m), which for many ecological applications is not enough resolution. In order to collect
accurate and reliable data some factors need to be considered [2]:

Figure 1.3: Terra NASA website, images taken by MODIS

1. The illumination on the site of interest must be enough and encompass all the wavelengths of interest.
2. A method and device for measuring the spectrum and intensity of the incoming
illumination.
3. The illumination of the site must be consistent throughout all the measurements.
4. A method of interpreting the light reflected.
Factors one and three are tackled by taking measurements with sunlight and at the same
solar position. For instance, solar noon is the time of a day where the sun reaches its
highest position but is not necessarily at the same time of day every day. The current area
of interest is a dessert terrain with the main vegetation being shrubs. However, this tram
system is designed ahead to be able to function in multiple ecosystems.
The objective of this work is to reduce the setup time of the current tram system
as well as make it more lasting by using different materials that have higher resistance
4

to the constant change of weather. Furthermore, expanding the camera sensors used to
capture information to acquire a wider range of spectral data, achieving this by adding a
thermal and near IR cameras. Currently it takes around 10 to 20 minutes to setup the tram
cart, 3 to 5 minutes calibrating, and 10 to 12 minutes operating. Ideally the set-up time
would be reduced to only installing and removing the main sensor for protection, effectively
reducing the setup to approximately 5 minutes. Additionally, the proposed system will be
implementing a docking station that will automatically charge the system for the next time
it runs. The final design must be relatively affordable to allow for possible implementation
in other locations if successful.

Figure 1.4: Currently deployed tram cart system

A comprehensive comparison of different alternatives of collecting data for spectroscopy
is presented with the advantages and disadvantages of each option and why the tram cart
was decided as ideal for the quality and type of data that it can offer as well as the autonomy
and capacity for integrating sensors.
The challenges addressed in this thesis are: a method to keep the cart’s battery charged
all the time in a region where there is no access to the electric grid; integrate all the cameras
and sensors together; cover the sensors that will be mounted from the weather when the
cart is not operating; provide a platform to remotely access and operate the cart through
5

Figure 1.5: Early cart prototype of new design [5]
the use of WIFI.
The area of interest where the system will be deployed is in the Jornada Experimental
Range from the New Mexico State University. Jornada Experimental Range (JER) is an
Ecological Site and long term agricultural and ecological research area located in the state
of New Mexico, northeast of Las Cruces. An ecological site is an ecosystem, with specific
properties in terms of climate, precipitation, and altitude, that allow for vegetation to grow
in the area. It is for this vegetation that the project came to be in the region (Placeholder
for vegetation in JER).

6

Chapter 2
Background Information
2.1

State of the Art

Along the past few decades different platforms have been implemented for the measurement of reflected spectrum of light, from ground-based to aerial platforms, stationary to
moving platforms. Some of the factors that will be taken in consideration to analyze and
compare each method of spectroscopy are the quality of the data and how likely it will have
interference, the cost-efficiency of the implementation and the reliability of it.
The most common and simplest of all techniques for spectroscopy and are the use of
hand-held devices. Additionally, it is common to use poles to keep a safe distance from the
person. Large objects nearby can have a significant error effect on the measurements due
to the reflections bouncing off the person’s shirt [7]. Towers are also a common platform in
spectroscopy. They are not limited to measure reflectance but multiple weather conditions
in the surrounding area. The stability of the structure allows the support of a variety of
sensors; big or small. However, the disadvantage of towers is that the light reflected from
the ground as well as any pictures taken of the soil and vegetation come at a different zenith
angle based on the distance. This factor has even greater impact as the distance away from
the tower increases for any measurement. Thus, towers are efficient at measuring general
fixed areas conditions but lack the precision that a closer to ground or moving platform
can provide.
A different approach that removed the issue of a static platformed was presented in [10]
where a manlift was used in conjunction with a 7-meter long gantry that supported four
spectrometers over a walnut orchard. This alternative proved to be practical for taking
7

Figure 2.1: Kimes et al. (1983), irradiated light reflected by the clothes of a researcher
multiple measurements with a greater reduction of spatial variability by averaging the
results of the four sensors over an ordered arrange of trees. Nonetheless, this alternative
looks to be overwhelming for smaller types of vegetation in height that would not require
a manlift to get a top view. Additionally, the manlift requires a path to be leveled in order
to transit, a situation that might not always be the case.

Figure 2.2: Caldwell et al. (1989), manlift system
Berry et al. [3] gives a more precise system for taking measurements off the canopies of
trees. The system consists of an aerial tramway that moves horizontally over the canopies.
Fixing spectrometer to a controlled cart that moves along a tramway allows for more
accurate positioning of the spectrometer. This enables more reliable measurements that
8

can be taken from almost the exact same location every time. Another advantage for this
system is that the height can be predetermined prior to installation and adapted to different
scenarios where the vegetation could be taller or smaller. One possible disadvantage for
this system is that the distance it has to cover has to be considerable in order to prevent
the towers from being too close to each other due to the possible obstruction and alteration
of readings. Obstruction can happen when big objects, like the tower, are too close to
the measuring point, similar to the problem with the clothing of the person affecting the
measurements taken.

Figure 2.3: Berry et al. (1978), aerial tramway system

The approach that was implemented for a terrain similar to the one of interest was
in Chaparral, in Southern California, where vegetation although considered evergreen is
relatively small in height, by Gamon et al.[1] . The platform was a tram system that spans
100 meters at a height from 0 to 5 meters from the ground. On the track there was a single
cart with a dual channel spectrometer to measure the irradiated illumination against the
reflected radiation. The cart also had motors, data logger, a battery and a switch to control
the direction and movement. With a mast and a pole extruding upwards and to one side
the cart can collect the reflected illumination at a safe distance. Furthermore, this system
carries an infrared ground thermometer, air temperature, humidity, a camera and more sensors to take a full range of measurements at different locations. The systems implemented
offers the following modes of operation: manual, semi-automatic, and automatic. Allowing
9

from manually pushing the cart to complete remote and autonomous control. Overall, the
system provides the means to acquire precise and consistent data under normal weather
conditions. However, it cannot operate under wind conditions or rain. Which, at a certain
level, it is acceptable, mostly because even if operable the measurements vary greatly from
a cloudy to sunny day.

Figure 2.4: Gamon et al. (2006), tramway system
Recently, the fast popularization of Unmanned Aerial Vehicles (UAVs) or drones has
opened new opportunities for the field of spectroscopy. Hakala et al. [9] implemented a
drone based system that incorporated a 2D format hyperspectral camera and an irradiance
spectrometer installed on board the drone. Some of the benefits of this platform is the
simplicity of materials that it requires. There is no need for installing any infrastructure
and can cover wide areas of terrain regardless of the size and density of the vegetation
because it can operate beyond the line of sight. Some challenges were addressed but some
remain to be solved. The calibration is a big issue due to changing illumination conditions
and heights. The illumination might not be the same on forest at ground where reflectance
panels usually are placed compared to the treetop canopy. This problem was addressed
by performing an in-lab calibration prior to flight. Regarding the irradiance sensor, the
alignment is crucial to get accurate readings as it must be directly facing downward towards
10

the nadir. With a solar elevation of 45 degrees a difference of one degree in the angle of the
sensor will produce an error of 2%. A solution to this problem would be to add a stabilizer
for the sensor. The drone seems to be quite an effective method of sampling big areas, but
the equipment mounted limits the flight time of the operation. Moreover, the drone would
have to be big enough and with enough force to carry everything and have light weight
sensors that do not sacrifice quality. Adding all the elements the total equipment can be
expensive and for small areas might not be worth the investment. Furthermore, the high
temperatures of deserts (like the one of interest for this research) can further reduce the
flight time.

Figure 2.5: Hakala et al. (2018), drone system concept
Different alternatives have been explored for a variety of scenarios where each had their
own set of requirements and challenges. Spectroscopy is a field that will continue to improve
as new technologies and mathematical models are being developed. For instance, drones,
seem to be a new and interesting alternative however, the price for an advanced drone
including the mounted sensors can discourage researcher that do not have the funding for
that level of equipment. A manlift or a similar rover could add the mobility desired to cover
a wide range of vegetation, but it would still lack levels of accuracy that can sometimes
be required, and the automation level would need to be more advanced than that of a
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tramway. The tramway shows a lot of potential for a fixed linear area of interest that could
provide reliable data across the tram but requires a structure to be installed and can only
cover a relatively small area compared to the other methods.
To conclude, for the multiple platforms explored a drone or a tramway would be the
best alternative due to the capabilities shown. Especially, an automated process of data
collection would be desired that could take measurements periodically. Additionally, the
area of interest for this research is no greater than 100 meters thus making it ideal for these
types of platforms. A tower would be discarded due to the angle of reflection that would
add for each shrub and the lack of taking pictures at the nadir angle of the areas of interest.

12

Chapter 3
Methods and Procedures
3.1

Work flow

The operation of the system will be as followed, with a more detailed explanation of each
component in later parts of the chapter.
1. The tram cart will be sitting still at the end of the track connected to a docking
station for automatic charging.
2. The operator will initialize system operation from the cart interface or a web-based
GUI by indicating the cart to start scanning.
3. The cart will move along the tracks and automatically stop every time a touch sensor
is triggered (placed at every meter mark of the tracks) and immediately align itself
with respect to a QR code placed on the side of the track.
4. The cart makes the respective data reading at every point, proceeds moving until
eventually there are no more stops and it gets to the end of the rail to finally return
to the docking station.

3.2

Challenges

Developing an autonomous tram system for data collection for an extreme environment such
a desert comes with a lot of hurdles. Affordable solutions with easily accessible materials
and equipment must be high priority.
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1. Optic fibers are very sensitive to particles. In a desert like JER sand becomes a
real hazard that can compromise and damage the system. In order to guarantee a
high level of reliability from the UniSpec-DC, a method to protect the optic fibers
is necessary from both the time that it is exposed and taking measurements and the
idle stage where the sensor needs cover from the environment until the next reading.
The cover will be underneath, on the case, and during operation will open when a
sensor is triggered and will need to close immediately after to keep the amount of
dust coming into a minimum.
2. The rails span 110 meters with a point of interest at every meter. The tram can stop
or slow down at every point precisely to take a measurement and picture. The system
requires to have a method that will guarantee a precise stop at the points of interests
and offer a form of keeping track of the location of the system in the rails.
3. In order to maintain the system capable of running multiple times throughout the
day every day of the week power will become an issue in a remote area such as the
Chihuahua Desert where there is no electricity off the grid. The power system at JER
consists in a series of solar panels powering a substation of multiple 12 volts batteries.
4. Part of the desired autonomy for the system is to have the alternative to control the
cart remotely through Wi-Fi.

3.3
3.3.1

Methods
Sensor cover mechanism

The cameras and optic fiber mounted in the car will wear down if exposed to long periods of
time to regular external weather conditions. The cover mechanism consists of the method
employed to provide cover to said sensors while the system is not operating as well as
prevent dust from entering and damaging any electronics. The cover will be on the lower

14

part of the sensor box and could be in either the interior or exterior of the box.
An option for the cover mechanism is the iris or diaphragm mechanism. Its compact
design make is for a desirable mechanism. The mechanism is composed by a series of leaves
that partially overlap each other and are connected from one end to a base and the other to
a top and when the top is turned all the leaves move creating an aperture. The overlapping
of the leaves when the iris is closed provides a reasonable barrier to prevent dust getting
in.

Figure 3.1: Iris Diaphragm - with F360 design from Thingiverse.com by user: snowpaddler

The final option decided was a trap door style cover. Due to its simplicity in installation
and functionality it was opted to go for this alternative. In addition, a reel switch is
employed to detect the state when the door is closed. The reel switch will detect a magnetic
field that the door will provide, with a magnet attached at the tip of it, and indicate the
door is closed.

3.3.2

Docking station

To enable the cart to operate multiple times a day a docking station will be installed at
the start of the tram. Every time the cart finishes it will dock in the station, and charge.
The docking will have a solar controller and a 12-volts and 100-Ahr battery to charge the
cart. The cart will operate from a set of two twelve volts batteries. An array of solar panels
15

was installed in the area to provide power to all the instrumentation and will be connected
to the docking station. The issue arises when trying to charge a 12-volt battery from the
batteries from the solar panel, which for this case are 12-volt batteries as well. It was
considered initially to install an alternator and boost converter to generate the standard
alternating current of an outlet of 120 Volts and 60 hertz to connect a 12-volt battery
charger. However, it was decided to simplify the system and install a DC – DC charger
to charge the tram car batteries directly from the batteries that act as the solar power
reservoir.
Furthermore, an early prototype design for the docking station draw inspiration from the
car plug inside automobiles. The early design as seen in the figure, consisted of two female
car connectors attached at the end of the tram and the cart with the male counterpart with
the wiring and connectors inside PVC pipes. Nonetheless, the design was discarded later
because there was a recurrent issue where the connectors would not connect and leave the
circuit open and unable to charge the battery.

Figure 3.2: First design version that was implemented on prototype [5]
The new proposed design goes for a similar approach to the previous one but preventing
an open circuit that will fail to charge the battery. The new design will use a knife switch
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style connection to guarantee there is contact between both terminals. However, the new
approach has the new problem of isolating the charging circuit from the body frame of the
cart. The cart is made of extruded aluminum

3.3.3

Physical organization of the system

All the equipment of sensors for spectroscopy, cables, and processing units in charge of the
operation of the tram cart need to be properly placed inside the cart to keep it stable.
The approach taken for this project will use two Raspberry Pis, one of which will be
controlling most of the sensors with exception of the UniSpec-DC. The other Raspberry Pi
will operate the navigation camera and possibly a web GUI. Additionally, a microcontroller
will be controlling the movement of the cart along the rail and will be communicating with
one of the Raspberry pi for said alignment. Also, another microcontroller will be operating
the cover mechanism and all the actuators as well as sensors that revolve around it. Special
care must be given to the location of the microcontrollers as well as sensors to provide ease
of access to the ports of the devices as well as optimize space for future addition of devices
such as antennas or additional sensors.
Moreover, there is need for a custom sensor casing for the optic fibers of the UniSpecDC, as the fibers will be permanently mounted onto the system and keep it locked in place.
Due to the compact arrangement of the sensor casing has to provide structural stability as
well as not obstruct the installation of the cameras or other electronics. For this a computer
aided design will be modeled and printed.

3.3.4

Custom boards

Two custom PCBs have been designed to operate the three camera sensor (Near IR, RGB,
thermal). One being the main board where a raspberry pi compute module will be attached
and serve as the main computer for data collection. The main board has two camera
ports for both the Near IR and RGB. The board draws inspiration from another camera
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Figure 3.3: Organization of sensors and electronics in sensor case
technology that can be customized and pre-programmed and was patented by Ramirez et.
al. [6]. Furthermore, the second board works in conjunction with the main board as they
interconnect providing more ports for different sensors including I2C and SPI ports, an
I2C port for the thermal camera. Another circuit board will take care of the actuator(s)
and sensor(s) that encompass the cover mechanism. Composed of an Arduino Pro mini
or another similar microcontroller and a H-bridge chip, in particular the L293D IC due to
the internal output clamp diodes for inductive transient suppression that could be induced
from the actuator. The H-bridge IC controls the power and direction of the actuator.
Additionally, capacitors connected to the power supplied to the microcontroller to protect
it from voltage fluctuations and dampen the current variations.

3.3.5

Camera sensors

Three camera sensors are desired to be installed altogether to collect more data of the
vegetation. A near IR, an RGB, and a thermal camera will stand next to the optic fiber
to provide a more complete picture of the data. The alignment of this cameras is crucial,
thus maximizing the overlapping of the pictures and the measurement of the optic fiber is a
priority. For a data analyst knowing which regions of the pictures and measurements from
the fiber optics overlap allows them to extract more data from the vegetation. Therefore,
the vertical and horizontal field of view of each camera as well as the resolution are to be
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considered at the time of placing and later analyzing the data.
The measurement devices consist of an array of four sensors installed closed together. It
is of high importance to keep the cameras and optic fiber next to each other to maximize the
overlap of the image of data captured. For this project an overlap of 95% is desired between
the IR and RGB cameras. The topography of the terrain the tram spans is irregular with
regions going from 2 meters to others of 3 meters from the camera to ground. In order
to calculate the overlap the distance between lenses, aperture, and distance to ground is
needed. Taking the information from the table with the apertures as well as taking a space
of four cm between lenses and two meters of height from lens to ground.

19

Chapter 4
Results
The results from the design and implementation of each design part is presented isolated
from other parts of the system.
The cameras, sensor cover mechanism, and the custom boards and parts are all part of
the sensor casing as seen in Figure 4.1

Figure 4.1: Sensor case
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Table 4.1: Cameras’ field of view
Camera

HFOV(degrees) VFOV(degrees)

VFOV at 2 meters

RGB

62.2◦

48.8◦

1.814 m.

Near IR

62.8◦

48.8◦

1.814 m.

40◦

1.456 m.

Thermal 51◦

4.1

Cameras

The near IR and RGB cameras carry more weight in terms of interest and relationship
with the UniSpec-DC data. To maximize the overlap both cameras were spaced 1 cm apart
with 34 mm from lens to lens. The criteria taken for leaving a space between the cameras
was to leave an opening for the UniSpec-DC optic fiber because otherwise the sensor would
need to be place above or below the cameras instead of centered. Thus, it was decided to
sacrifice some overlap of the pictures to have the spectrometer centered. The overlap was
computed with the horizontal and vertical field of view (HFV and VFV) of each camera
and the distance from camera to ground. Although the average distance from camera to
ground is of 2.26 meters, 2 meters were used for the calculations of overlap to consider a
worse case scenario as the closer to ground the less overlap there is. Using the values from
table 4.1, and the values mentioned before the overlap would be 97.18%., above the 95%
goal that is desired.

4.2

Sensor cover mechanism

A 3D printed version of an iris mechanism [8] was printed in PLA filament as a proof of
concept to closely analyze the feasibility of this approach of cover. After further analysis
it was decided to explore the other alternatives. Mainly because of the complexity of the
design to effectively design and manufacture a custom iris to the specific needs of this
project it was decided to look for further options. After printing, the design required
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making the edges of the design more compact to make if fit. Additionally, the aperture of
the iris was not big enough to guarantee it would not obstruct the view of a camera. With
a maximum opening of 4 cm for the iris and based on the HFV of the cameras and their
placement on the case (taking an isosceles triangle shape where each vertex is a lens and
the dimensions are 3.5 x 4 cm), the opening would need to be at least 5 cm wide assuming
there is no distance from the lenses and the iris. Moreover, the iris in its closed state
does not fully close, it leaves an aperture of 1 cm that renders it ineffective against the
dust. Furthermore, PLA does not have the sturdiness and friction from the leaves might
wear down quickly. It is worth restating that this option was not dismissed because of its
functionality but due to the complexity and time to implement.

Figure 4.2: Iris mechanism printed in PLA
The trapdoor mechanism was the final design and actually implemented and adapted
to the system. The door and motor sit on the outside of the case allowing for more space
inside for other devices if need be. A 1000:1 gear ratio medium power DC brushless motor
with 6.5 km · cm of torque proved to be enough to move the door of 8.7 x 14.3 cm. The door
itself can be swappable between an aluminum or polycarbonate plate. To sense the door is
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in a closed state a reel switch was tested. The benefit of having a reel switch over a push
button is that there is no need for drilling into the case to install it as the magnetic field
of a strong enough magnet can penetrate through the case. However, the disadvantage is
that it requires the addition of a magnet into the door that can generate a magnetic field to
determine the location of the door. Moreover, there can be the possibility of false positives
due to another ferromagnetic device or, likewise a false negative due to an anomaly in the
magnetic field causing it to not be strong enough.

Figure 4.3: Trapdoor cover mechanism

4.3

Custom boards and parts

The first board, Compute Module, was previously designed and only sent for PCB fabrication. Only minor adjustments from the routing of the raspberry pi module to the Hat
connector were made to fix some of the signals that were connecting to the wrong pin.
Nonetheless, the Compute Module Hat was designed to complement the compute module
as an extension to the Compute Module. The Hat provides additional ports for other possible sensors and the thermal camera. The Hat has an Atmel Mega328P microprocessor,
23

similar to an Arduino Pro mini, that communicates, with the Master/slave model, with the
Compute Module and serves as power saving mechanism for the Compute Module. The
Hat not only allow for more ports, it also allows the Compute Module to sleep while the
system is inactive and tell the Compute Module when to turn on to initiate operation.
Some of the considerations at the time of designing the Hat is to keep in mind the physical
location of the ports to prevent any blocking or obstruction between them or any cabling
as well as preventing any signals from generating interference among them.

(a) Top view

(b) Bottom view

Figure 4.4: Compute Module
A custom conduit was designed in Fusion360 to hold the optic fiber in place inside the
sensor case. The design needed to provide stability and prevent the fiber from bending
too drastically as well as not obstructing the installation of other sensors. However, after
reviewing the design it was deemed to require major changes in its structure because it will
block the installation of the cameras.

4.4

Docking station

The new design provides more structural resistance as the design is mostly composed of
extruded aluminum and the wiring is protected for most of the part. The metal connector
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(a) Top view

(b) Bottom view

Figure 4.5: Compute Module Hat

Figure 4.6: Microcontroller and H-bridge board
where the cart docks is a bronze alloy that prevents it from rusting as well as minimizing
galvanic corrosion while charging. Nonetheless, the connectors are the most exposed part of
the circuit and an enclosure while the car in not operating is needed. The principal objective
that was achieved for this implementation was to guarantee a more reliable connection
between the cart and the docking station.
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Figure 4.7: Fiber conduit for optic fiber

Figure 4.8: New charging station and DC-DC 12V 2A charger

26

Figure 4.9: Docking station belongs to the batteries and UniSpec-DC part of the system
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Chapter 5
Concluding Remarks
5.1

Summary

Spectroscopy has been constantly developing new technologies and systems of collecting
more and higher quality of data. The work presented here is continuation of the development, and design of an automatic tram system. The development of this new automatic
tram system has the intention of replacing a current manual/semi-automatic system that
requires constant more time of setup and provides lower quality of data due to the human
error factor of manually controlling the shutter of the only camera.
In this work, a review of some methods of spectroscopy were presented and compared
to explain and justify the benefits of having a mid-range sensing system with fix location
versus other alternatives like towers, drones, and satellites to name some. First, an analysis
of the current status of the new prototype was done to evaluate what was missing, followed
by a list of challenges to take the cart to a more advance state of completion. Challenges like
a cover mechanism to provide cover to the new sensors that would be mounted permanently
instead of constantly being installed and removed every time there was an inspection; a
method to increase the accuracy of the measurements and pictures of the soil to guarantee
more constant data; a charging station that will sustain the system running multiple times
without having the need to constantly replace the batteries; a capability of allowing remote
operation of the cart through WIFI.
To address said challenges different alternatives were explored, a trap door design was
the final implementation for a cover mechanism due to its simple functionality and implementation, a novel approach to a docking station that implements a knife switch concept
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to anchor the cart to the charging station and a 12 volts DC to 12 volts DC charger to
directly charge the batteries of the system from the power bank of batteries in the area.
Finally, the design and sent to fabrication of PCBs to operate all the new cameras and
future sensors in the systems as well as leave less computational load to the navigation
computer.
To address said challenges different alternatives were explored, a trap door design was
the final implementation for a cover mechanism due to its simple functionality and implementation, a novel approach to a docking station that implements a knife switch concept
to anchor the cart to the charging station and a 12 volts DC to 12 volts DC charger to
directly charge the batteries of the system from the power bank of batteries in the area.
Finally, the design and sent to fabrication of PCBs to operate all the new cameras and
future sensors in the systems as well as leave less computational load to the navigation
computer.

5.1.1

Future Work

Most of the hardware componens of the system are complete, however finishing touches
such as integration of the modules and finishing design of of the optic fiber holders. Future
work for this project will be the development of software for the cameras and modules of
the systems. Additionally, testing the modules in conjunction to refine the system before
deploying it.
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Chapter 6
Appendix A
Additional documentation created in conjunction with this thesis.
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Product Introduction
The Jornada Experimental Range (JER) Tram Cart is a solution to the tedious and highly
frequent vegetation inspections which take considerable amount of time and preparation as well
as the inaccuracies and lack of sensors of the previous model. The regular inspection takes around
5 to 10 minutes of setup and must be completed every visit to the area and have the option to
acquire more data.
The cart system is designed to perform an automated inspection of the vegetation and soil
adjacent to the tramway and provide researchers with a collection of multi-spectral images and
measurements for every meeting of tram. The systems employ three different cameras (Red-GreenBlue, near infrared, and thermal) and a UniSpec-DC high precision spectrometer for remote
sensing and landscape assessment. During an inspection, the cart will automatically more across
the tramway so that the cameras and sensors can collect a full sample of imagery of the landscape.
Either meter marks or QR codes will allow the system to sense when to take a reading from the
cameras and sensors. Once the system finishes inspection, the cart will go back to the beginning
of the track and dock in a charging station. This system will reduce the time of setup as well as
increase quantity and quality of data.
The system is for research teams which perform inspections in JER related to landscape
assessment, and vegetation and soil monitoring. It can be implemented in other areas of interest
with the respective infrastructure.
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Product Tour

Frame of Cart

Camera arrangement

35

Page | 3

JER Tram Cart

User Manual

Cover Mechanism

Docking Station
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Using the Product
1. Mission Plan
a. Plan of action
i. Purpose of inspection
ii. List of actions needed to perform
b. Personnel
i. Operator
ii. Assistant spotters
c. Area/Environment
i. People/bystanders
ii. Obstructions
iii. Weather
1. Precipitation
2. Wind
3. Temperature (14° to 131° F or -10° to 55° C)
d. Contingencies
i. Operational restrictions
ii. Personnel safety (first aid)
iii. Return home plan
2. Pre-operation
a. Walk-Around Procedure
i. Tramway
1. Verify no obstructions on the path
2. Inspect for damage
ii. Docking station
1. Inspect for damage
2. Inspect wiring
3. Verify cart is fully charged or is charging
iii. Control panel
1. Inspect for damage
2. Inspect is on desired operation mode
3. Verify upward/unfolded position
4. Check cables
iv. Cameras and sensors
1. Inspect for damage
2. Inspect for miss alignment
3. Check cables
v. Body/Frame
1. Inspect for damage
b. Sensor Calibration
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i. Optic Fiber
1. Place white surface in front of optic fiber looking down and
proceed to calibrate with max reflectance.
2. Hold black surface and completely ends of same optic fiber and
proceed to calibrate with minimum reflectance.
2. Takeoff Procedure
a. Ensure main system is enabled
b. Establish remote connection to system
c. Execute command to start scanning
d. Walk along cart to verify proper execution (if applicable)
3. Post-operation Procedure
a. Verify motor is off
b. Verify cart docked in charging station
c. Ensure cart is charging
d. Perform Walk-Around Procedure
e. Disconnect optic fibers from UniSpec-DC
f. Remove Unispec-DC from tram cart
g. Disconnect micro-SD card from computer (if applicable)
h. Inventory tools/equipment
i. Store Unispec-DC away
j. Clean area
4. Running Mission with Backup systems
a. Ensure backup mode is enabled
b. Select forward and backward or forward option
c. Select speed with nob
d. Click start scanning
e. Walk along cart to verify proper execution
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Troubleshooting Table
Symptom

Indicator

Fix

Unable to start inspection.

Command execution failure
from computer.

Unable to start inspection.

No response from the cart.

Failure to dock charge.

Light indicator from charger
not turning on.
Trap door not opening
properly

Ensure switch in control
panel is set to Main system.
If running from backup,
make sure fuse is not blown.
Check battery power and
restart.
Verify cart docked properly
into connection clamps.
Ensure trap door motor is not
stuck and reset system.

Faulty data.
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Maintenance
Tramway
1.
2.
3.
4.
5.

Inspect tramway
Remove any big object that might obstruct or damage the cart
Check frame-tramway point of contact is not damaged
Inspect main motor for any possible damage
Test operation

Damaged charging connector
1.
2.
3.
4.
5.

Identify bad connector
Disconnect charging wiring from connector
Unscrew open connector from either docking station or cart
Remove connector
Install new connector and connect wiring again.

Damaged battery
1.
2.
3.
4.
5.
6.

Disconnect power from system
Identify damaged battery(ies)
Disconnect battery from system
Install new battery replacing previous one
Reconnect power
Perform a test run
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Health and Safety
For the safety of equipment and personnel, the pre-operation checklist and other guidelines
must be adhered to. A mission plan must be designed and discussed prior to every operation. All
personnel involved in the operation or in nearby area must be aware of the cart operation. Other
investigators or personnel may assist in case of an emergency or for safety help monitor
performance of operation.
Preliminary actions must be taken before every inspection if possible and on site. The area
must be observed, and any hazards or possible obstacles must be accounted for and, if possible,
eliminated. A current weather report is needed to check if conditions are within the tolerance
ranges of the system, or if conditions may exceed those tolerances during operation. The operator
must check if there are any weather conditions that might compromise the quality of the data or
integrity of the system, and inform the principal investigator, if required. The operator must make
sure the cart does not operate during bad weather or any other circumstances that might result in
damage or loss of equipment. It is left to the operator’s discretion to determine when it is safe to
operate the system.
In the case of an accident, some equipment must be on-site to prevent further damage of
equipment. A first aid kit must also be on-site in the case that a person is injured by the accident.
Personnel will have a cell phone or a means of contacting emergency services in the case of a
catastrophic event.
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Product Specifications
UniSpec-DC
Wavelength Range

310-1100 nm

Raleigh Resolution

<10 nm

A/D Converter

Absolute Accuracy
Scan time

Operating Temperature Range

RGB & Near IR Cameras
Sensor
Image Size

Video Recording Modes
Horizontal Field of View
Vertical Field of View

16 bit (dynamic range of 65,000 A/D counts)
<0.3 nm

< 1 second (plus integration time)
0-50° C

1/4”
IMX219
8-megapixel

3280 x 2464

FHD：1080 30p
HD： 720 60p
SD:
480 60p/90p
62.2 degrees

Thermal Camera

48.8 degrees

Sensor

f/1.1

Thermal Sensitivity

<50 milliKelvins

Image Size

Horizontal Field of View
Vertical Field of View

80 x 60

51 degrees
40 degrees
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/*
* Test code for Tram cart cover mechanism.
* Hardware: Reel switch, DC motor, H-bridge
*
* This code tests the motor's functionality as well as the capabilities
* of the reel switch as proof of concept
*
* Author: Enrique Anguiano Chavez
* Date: 7/27/2020
*/
byte motor1A = 3;
byte motor1B = 4;
byte enable = 5;
byte LED = 13;
byte closed = 2;
void setup() {
// Set pins for motor control as outputs
pinMode(motor1A,OUTPUT);
pinMode(motor1B,OUTPUT);
pinMode(enable,OUTPUT);
digitalWrite(enable,HIGH);
// Set reel switch pin as input
pinMode(closed,INPUT);
pinMode(LED,OUTPUT);
digitalWrite(LED,LOW);
}
void loop() {
// If reel switch detects door is closed open door
if( digitalRead(closed) )
{
digitalWrite(LED,HIGH);
digitalWrite(motor1A,LOW);
digitalWrite(motor1B,HIGH);
delay(2000);
}
// While door is not detecting it by reel switch, close it
else
{
digitalWrite(LED,LOW);
digitalWrite(motor1A,HIGH);
digitalWrite(motor1B,LOW);
}
}
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